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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a separator for a 
nonaqueous electrolyte 
battery excellent in ion permeability. 

SOLUTION: In this separator for a battery using an ultrahigh 
molecular 

weight polyethylene porous sheet, an air permeability measured with 
a fragile 

type tester based on JIS L 1096 is set to 10 cm/(cm2.s) or above. 
The 

separator for a battery is manufactured by sintering ultrahigh 
molecular weight 

polyethylene powder, then cutting it in a sheet shape. A 
viscosity-average 

molecular weight of the ultrahigh molecular weight polyethylene is 
preferably 

500,000-16,000,000. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte cell 

using the separator for cells and it which are used for a nonaqueous electrolyte cell. 

[0002] 

[Description of the Prior Art] Lightweight, high electromotive force, and a high energy are obtained, 
moreover, since there is little self-discharge, nonaqueous electrolyte cells, such as a lithium secondary 
battery, are used widely as a power supply of various electrical and electric equipment, and they are 
expected also as a power supply of an electric vehicle. 

[0003] The porosity sheet made from a polyolefme is used as separator for cells used for a nonaqueous 
electrolyte cell (for example, JP,5-25305,A, JP,8-64194,A, JP,6-212006,A, JP,8-138644,A). 
[0004] However, the conventional separator for nonaqueous electrolyte cells had a problem in ionic 
permeability, since it is markedly alike and a high output is required from the cell especially used for an 
electric vehicle, improvement in ionic permeability is called for also from the separator for cells used for it 
[0005] 

[Problem(s) to be Solved by the Invention] Then, the purpose of this invention is separator for cells used 
for a nonaqueous electrolyte cell, and is offering the separator for cells which is excellent in ionic 
permeability. 
[0006] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, the separator for cells of 
this invention is separator for cells used for a nonaqueous electrolyte cell, and the porosity sheet made from 
ultra high molecular weight polyethylene (henceforth "UHPE") is used, and it is JIS. L The permeability 
measured with the hula JIRU type trial machine of 1096 has the composition that they are 10cm / 
(cm2ands) above. 

[0007] Thus, in the separator for cells using the porosity sheet made from UHPE, if permeability is set as 
the aforementioned predetermined range, ionic permeability becomes sufficient thing and can respond also 
to the cell for electric vehicles enough. The suitable range of the aforementioned permeability is 
10-50cm/(cm2ands), and the optimal range is 10-30cm/(cm2ands). Moreover, the viscosity average 
molecular weight of Above UHPE has the desirable range of 500,000-16 million. 
[0008] As for the aforementioned porosity sheet made from UHPE, it is desirable that it is the sheet with 
which two or more UHPE particles connect, and porous structxire is formed of the opening between the 
aforementioned particles. The separator for cells using such a sheet excels [ aperture ] also in heat-resistant 
shrinkage characteristics greatly again compared with the conventional separator for cells. When 
heat-resistant shrinkage characteristics are excellent, by using this separator for cells for a high power cell 
like the cell for electric vehicles, the short circuit at the time of an elevated temperature is prevented, and 
safety improves. 

[0009] Next, the cell of this invention is a nonaqueous electrolyte cell using the separator for cells of the 
aforementioned this invention as separator for cells which intervenes among positive/negative two poles. 
As mentioned above, since the separator for cells of this invention is excellent in ionic pemieability, it 
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becomes possible [ high power ] for the nonaqueous electrolyte cell of this invention. 
[0010] 

[Embodiments of the Invention] The separator for cells used for this invention is producible as follows, for 
example. 

[001 1] First, a ** form implement is filled up with UHPE powder, the mean particle diameter of the 
aforementioned UHPE powder ~ usually - the range of 10-200 micrometers - it is the range of 20-180 
micrometers preferably And the aforementioned UHPE powder is sintered in the steam atmosphere heated 
beyond the melting point. If it is reduced pressure atmosphere at this time, the aforementioned steam 
permeates into UHPE powder promptly, and can sinter uniformly. And after cooling this sintered compact, 
a porous sheet (separator for cells) is obtained by fabricating in the shape of a sheet by cutting etc. Two or 
more UHPE particles connect this sheet mutually, and porous structure is formed of the opening between 
the aforementioned particles. And it is farther [ than the separator for the conventional nonaqueous 
electrolyte cells ] large, and the aperture of this sheet is JIS as mentioned above. L The permeability 
measured with the hula JIRU type testing machine of 1096 is 10cm / (cm2ands) above. Moreover, this 
porosity sheet made from UHPE is usually 25-100 micrometers in 25 to porosity 70 volume %, and 
thickness. Moreover, this sheet has little contraction under an elevated temperature, and at 170 degrees C, 
for 10 minutes, usually, the ratio (A2/A1) of the sheet area after processing (A2) and the sheet area before 
the aforementioned heat-treatment (Al) is A2/A1 >=0.9, and is A2/A1 >=0.95 preferably. On the other 
hand, the aforementioned ratio (A2/A1) of the conventional separator for cells is usually A2/A1 <=0.4. 
[0012] The porosity sheet made from UHPE concerning this invention may contain components other than 
UHPE the condition [ the aforementioned permeability being securable ]. 

[0013] Next, there is especially no limit except the separator of the aforementioned this invention being 
used for the nonaqueous electrolyte cell of this invention as separator for cells. In the nonaqueous 
electrolyte cell of this invention, the following can be used as each composition member other than the 
separator for cells, for example. 

[0014] As a positive-electrode material, LiMn04, LiNi 202, LiCo02, LiCr02, LiFe02, LiV02, etc. can be 
used, for example, being the oxide of metals, such as Ti, Mo, Co, Nb, V, Mn, Cr, nickel, Fe, and P, a 
sulfide, and a selenide. [ the thing which made Li contain if needed, ] Moreover, a conductive polymer like 
polypyrrole or the poly aniline is also desirable. A positive electrode can be formed by casting etc. using 
conductive material, such as these active materials, acetylene black blended if needed, KETCHEEN black, 
and a graphite, binders, such as a polyvinylidene fluoride, etc. 

[0015] As a negative-electrode material, the material of carbon, especially a graphite system, Li system, a 
tin oxide, etc. are raised, for example. As a Li system material, a lithium metal, a lithium alloy, etc. are 
raised, for example. As a lithium alloy, the 2 yuan or 3 yuan or more alloy of Li and metals, such as 
aluminum, Pb, Sn, IN, Bi, Ag, Ba, calcium, Hg, Pt, Sr, and Te, is raised, and what added Si, Cd, Zn, La, 
etc. can be used further if needed. Although a negative electrode may be formed using a binder, the 
metallic foil of the aforementioned metal may be used for it as it is. 

[0016] As nonaqueous electrolyte, what dissolved lithium salt in organic solvents, such as ester and the 
ether, can be used, for example. As an organic solvent, propylene carbonate, ethylene carbonate, dimethyl 
carbonate, diethyl carbonate, ethyl methyl carbonate, a tetrahydrofiiran, dimethoxyethane, dimethyl 
sulfoxide, a sulfolane, ganmia-butyl lactone, 1, 2-dimethoxyethane, diethylether, ethyl acetate, 
N.N-dimethylformamide, acetonitriles, or such mixture are raised, for example, as lithium salt - LiPF6, 
LiBF4, Lil, LiC104, and LiCF3 ~ S03, LiAsF6, etc. are raised Especially the concentration of the lithium 
salt in nonaqueous electrolyte is not restricted, but is usually 0.5 - 3 mol^. 
[0017] 

[Example] Below, it combines with the example of comparison and an example is explained. 
[001 8] (Example 1) The ** form implement was filled up with 2kg (a viscosity average molecular weight 
4,400,000, 135 degrees C of melting points, 35 micrometers (mesh classification article) of mean particle 
diameters) of UHPE powder. This ** form implement is arranged at the bottom of the metal cylinder-like 
dies body which has many holes with which the polytetrafluoroethylene porosity film was stuck on the 
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inner skin, and this dies body, and consists of cover halfs which fix this. This ** form implement was put 
into the metal heatproof proof-pressure container (it has the introductory pipe and its opening-and-closing 
bulb of a steam), and the ambient pressure was set to L3kPa(s) with the vacuum pump. The time required 
at this time was for 30 minutes. And the bulb was opened after suspending a pump, the steam (temperature 
of 145 degrees C, pressure 0.4MPa) was introduced, and heating sintering was carried out as it is for 1 
hour. Then, it cooled and the pillar-like porosity object was acquired. The acquired porosity object was cut 
in the shape of a sheet with the cutting engine lathe, and the separator for cells of the thickness of 54 
micrometers and porosity 51 volume % was produced, JIS of this separator for cells L The permeability 
measured with the hula JIRU type testing machine of 1096 was 14cm3/(cm2ands). Moreover, the average 
aperture (auto scan mercury [ by Yuasa Ionics, Inc. ] pressing formula pore distribution measuring device : 
auto scan -33) by the mercury porosimeter of this separator for cells was 12 micrometers. Using this 
separator for cells, the nonaqueous electrolyte cell was produced as follows and the electric discharge 
property was investigated. This result is shown in the following table 1. Moreover, heat-resistant shrinkage 
characteristics were investigated by the method shown below about the aforementioned separator for cells. 
This result is shown in the following table 2. 

[0019] The positive electrode mixed the cobalt acid lithium (active material), the polyvinylidene fluoride 
(binder), and the graphite (electric conduction assistant), applied this mixture on aluminum foil (charge 
collector), and produced it. The negative electrode mixed the polyvinylidene fluoride (binder) with the 
graphite (active material), applied this mixtxire on copper foil (charge collector), and produced it. The 
electrolytic solution mixed ethylene carbonate and ethyl methyl carbonate by the capacity factor 1:1, and 
dissolved and prepared the 6 fluoride [ phosphoric-acid ] lithium by the concentration of 1.0 mo 1/1 into this 
mixed liquor. And the cell of a direct vent system was produced using the aforementioned separator for 
cells, the aforementioned positive electrode, the aforementioned negative electrode, and the 
aforementioned electrolytic solution. After having carried out charge and discharge,' taming continuously 
by 0.544 mA/cm2 first about this cell and performing the charge and discharge of 8 cycles by 1 .36 mA/cm2 
as charge and discharge, the spark test of 13.6 mA/cm2 was performed. Each charge and discharge of a cell 
were performed within the 25-degree C humidistat. 

[0020] (Heat-resistant shrinkage characteristics) The sheet made fi-om a polytetrafluoroethylene was placed 
on the glass plate, and the separator for cells which measured area (Al) was placed on it. And after leaving 
this for 10 minutes in a 170-degree C dryer, it took out, and cooled to the room temperature, the area (A2) 
of the aforementioned separator for cells was measured, and surface ratio (A2/AI) was computed. 
[0021] (Example 1 of comparison) 5 % of the weight (a viscosity average molecular weight 2 million, 134 
degrees C of melting points) of UHPE(s), 10 % of the weight (a viscosity average molecular weight 
200,000, 131 degrees C of melting points) of high-density-polyethylene powder, and 85 % of the weight (a 
liquid parafifm and the kinematic viscosity in 40 degrees C are 59cst(s)) of solvents were uniformly mixed 
in the shape of a slurry, and this was kneaded at 160 degrees C by the twin screw extruder. It fabricated in 
the shape of a sheet, having inserted this kneading object into the foil cooled by 0 degree C or less, and 
crystallizing. Simultaneous extension of this moldings was carried out in all directions [ 4x4 times as many 
as this ] (about 115 degrees C), the solvent was removed using the methylene chloride, and the porous 
sheet was obtained. The separator for cells was obtained by carrying out the heat setting of this porous 
sheet for 10 seconds at 120 degrees C. This separator for cells is the thickness of 44 micrometers, porosity 
41 volume %, and 0.04 micrometers (specific surface area and the pore distribution measuring instrument 
ASAP2010, Shimadzu Corp. make) of BET average apertures. Moreover, the permeability of this separator 
for cells was below 0.1cm3/(cm2ands). Using this separator for cells, the cell was produced like the 
example 1 and the electric discharge property was investigated. This result is shovm in the following table 
1 . Moreover, the heat-resistant shrinkage characteristics of the aforementioned separator for cells were 
investigated like the example 1. This result is shown in the following table 2, 
[0022] 
[Table 1] 

Service capacity A . Service capacity B Capacity factor (mA.h) (mA.h) (B/A) Example 1 5.3 1.1 0.21 
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Example 1 of comparison 5.0 0.6 Service capacity in service-capacity service-capacity B:13.6 mA/cm2 in 
0.12 service-capacity A: 1.36 mA/cm2. [0023] 
[Table 2] 

(A2/A1) 

mm 0. 98 

mmi 0. 08 

[0024] As shown in the aforementioned table 1, the example 1 excelled the example 1 of comparison in the 
electric discharge property. Moreover, as shown in the aforementioned table 2, the separator for cells of an 
example 1 had little contraction in an elevated temperature remarkably compared with the separator for 
cells of the example 1 of comparison. 
[0025] 

[Effect of the Invention] As mentioned above, the separator for cells of this invention has high ionic 
permeability. Therefore, the nonaqueous electrolyte cell using this is excellent in an electric discharge 
property, and can be used suitable for the cell by which high power like the cell for electric vehicles is 
demanded. 



[Translation done.] 
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